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GHSHQGRQWKLVJURXQGZDWHU,Q(XURSHWKHJURXQGZDWHUVXSSOLHVDSSUR[LPDWHO\RIWKHZDWHUXVHGIRUKXPDQ
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FRQVWLWXWHVQRZDGD\VDSULYLOHJHGVRXUFHRIPRVWSXEOLFDQGSULYDWHVXSSOLHV>@7KHTXDOLW\RIWKHJURXQGZDWHULV
JLYHQE\WKHGLVVROXWLRQRIWKHPLQHUDOVSUHVHQWRQWKHURFNVWKDWFRQVWLWXWHWKHDTXLIHUVDQGWKHSHUFRODWLRQWKURXJK
WKHP1HYHUWKHOHVVRWKHUIDFWRUVPD\LQIOXHQFHLWVTXDOLW\VXFKDVWKHFRPSRVLWLRQRIWKHUHFKDUJHZDWHUWKHUHVLGHQFH
WLPHWKHLQWHUDFWLRQZDWHUSK\VLFDOHQYLURQPHQWWKHFOLPDWHDQGHYHQWKHSROOXWLRQFDXVHGE\KXPDQDFWLYLWLHV,QWKH
ZKROHZRUOGWKHDTXLIHUVDUHDWULVNRIEHLQJFRQWDPLQDWHGEHFDXVHRIWKHXUEDQL]DWLRQWKHLQGXVWULDOGHYHORSPHQW
WKHDJULFXOWXUDODFWLYLWLHVDQGWKHPLQHH[WUDFWLYHLQGXVWULHV
,Q 3RUWXJDO KDYLQJ DOUHDG\ VRPH NQRZOHGJH LQ WKH K\GURJHRORJLFDO DUHD LW LV SRVVLEOH WR LGHQWLI\ IRU VRPH
K\GURJHRORJLFDOXQLWVWKHH[LVWHQFHRISRWHQWLDOUHVHUYRLUVWKDWVKRXOGEHEHWWHUDFTXDLQWHGDQGHYDOXDWHGRQFHLIWKH\
ZHUHZHOOXVHGWKH\FRXOGEHFRPH³HPHUJHQF\VWUXFWXUHV´SURYLGLQJKHOSLQFULVLVVLWXDWLRQV+RZHYHUDPRQJDOO
WKHVHQHHGVZKDWHPHUJHVDVEHLQJSDUWLFXODUO\UHOHYDQWLVWKHVXSSO\LQJRIZDWHUIRUKXPDQSXUSRVHVZKLFKGHPDQGV
KLJKTXDOLW\VWDQGDUGVHLWKHULQWKHZDWHUVXSSO\RULQWKHVHUYLFHSURYLGHGWRFRQVXPHUV:LWKWKLVSUHVHQWVWXG\ZH
LQWHQGWRFRQWULEXWHWRWKHK\GURJHRORJLFDODQGK\GURFKHPLFDONQRZOHGJHRIWKHQRUWKHDVWDUHDRI*DUGXQKDPRXQWDLQ
FHQWUHUHJLRQRI3RUWXJDO
6WXG\$UHD
7KH*DUGXQKDPRXQWDLQLVDVWUXFWXUDOXQLWSHUIHFWO\LQGLYLGXDOL]HGZKLFKEHORQJVWRWKH,EHULDQ0DVVLIDQGLWLV
OLPLWHG IRU VHYHUDO GHSUHVVLRQV LQZKLFK VWDQGV RXW RQ WKH 6( WKH KLJKHVW DUHD RI WKH K\GURJUDSKLF EDVLQ RI WKH
5LYHUVLGHRI$OSUHDGHZKHUHLWLVORFDWHG&DVWHOR1RYR)LJ7KLVPRXQWDLQLVFKDUDFWHUL]HGSK\VLFDOO\DVDQDUHD
ZLWKD UXJJHG ODQGVFDSH LW SUHVHQWV WR WKH:HVWROG IRUPDWLRQVFRPSRVHGE\PHWDPRUSKLF VKDOHDQG WR WKH(DVW
JUDQLWLFLJQHRXVODQGVFXOPLQDWLQJWRWKHHOHYDWLRQP
7KHFDSWDWLRQV LQVWXG\DUH ORFDWHGDOO LQKHUF\QLDQJUDQLWLFRURJHQ\RIYDULHG WH[WXUHV/RFDOO\ WKH\IRUPWZR
GLIIHUHQWJUDQLWLFVHULHVDOWKRXJKWRWKHJHQHWLFWHFWRQLFDQGFKHPLFDOPLQHUDORJLFDOSRLQWRIYLHZWKH\VHHPWRPDNH
DMXQFWLRQLQDQRQO\EUDQFKZLWKLQWKHRURJUDSKLFKHUF\QLDQJUDQLWHVZLWKELRWLWHROLJRFODVHPHJDFU\VWDOV
SRVWWHFWRQLFJUDQLWHVERXQGHGLQPDVVLIVXVXDOO\ELRWLWLFDQGIUHTXHQWO\ZLWKPHJDFU\VWDOV
$V IRU WKH FRQVWLWXWLRQ RIPLQHUDORJLFDO HVVHQWLDOV WKH\ KDYH TXDUW] ROLJRFODVHPLFURFOLQHPLFURFOLQHSDUWLWH
DOELWHROLJRFODVHDQGELRWLWH$VVHFRQGDU\HOHPHQWVWKHUHLVPXVFRYLWHDSDWLWH]LUFRQWXUPDOLQHPDJQHWLWHLOPHQLWH
S\ULWHIOXRULWH>@


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WR WKHSUHFLSLWDWLRQ UHJLVWHUHG LQ WKHZHDWKHUFHQWUHRI&DVWHOR1RYR0*>@)RU WKHPRQWKO\ UDWLQJRI WKH
K\GURORJLFDOEDODQFHLWZDVXVHGDPHWKRGRORJ\VXJJHVWHGE\7KRUQWKZDLWHDQG0DWKHU>@DQGWKURXJKWKHUHVXOWV
RQHFDQQRWLFHWKHHPHUJHQF\RIDGU\SHULRGDQGDGDPSSHULRGEHLQJWKHILUVWGXHWRWKHK\GUDXOLFVKRUWDJHWKDW
JRHVIURP-XQHXQWLO6HSWHPEHUKDYLQJLWVSHDNLQ$XJXVWDQGWKHVHFRQGWKHGDPSSHULRGLVGXHWRWKHK\GUDXOLF
VXSHUDYLWWKDWJRHVIURP2FWREHUXQWLO0D\KDYLQJWKHJUHDWHVWDPRXQWRIZDWHULQ-DQXDU\
,QWHUPVRIK\GURJHRORJLFDOXQLWVDVDZKROHLWLVDFFHSWHGDVYDOLGWKDWLWFRUUHVSRQGVWRDDTXLIHURIWKHSKUHDWLF
ILVVXUDOW\SHZLWKK\GUDXOLFFRQGXFWLYLW\WKDWYDULHVEHWZHHQDQGPGDQGWUDQVPLVVLYLW\YDOXHVWKDWYDU\
EHWZHHQHPG7KHJURXQGZDWHUIORZLVQRWYHU\GHHSDVSURYHGHVSHFLDOO\E\WKHORZPLQHUDOL]DWLRQRI
WKHZDWHUFRQVLGHULQJWKDWLWLVDQDTXLIHURIFRPPRQVXSHUILFLDOZDWHUFRQWDLQLQJPDLQO\LQILOWUDWLRQZDWHUVDQGORFDO
IORZODVWLQJIRUVKRUWSHULRGVRIWLPH7KHVSHHGRIWKHIORZLVJHQHUDOO\KLJKJLYHQWKHW\SHRISHUPHDELOLW\SHU
IUDFWXUHWKHPDLQWHQDQFHRIWKHVWUHDPVHYHQGXULQJWKHGU\SHULRGLVSUREDEO\GXHWRWKHFDSDFLW\RIUHJXODUL]DWLRQ
RIWKHDOWHUDWLRQDUHDVWKDWFRYHUVVRPHRIWKHUHFKDUJHDEOHDUHDV'XULQJWKHGU\SHULRGVDERYHDOOWKHSHUPHDELOLW\
EHFDXVH RI WKH SRURVLW\ RI WKH DOWHUDWLRQ DUHDV SOD\V D YHU\ LPSRUWDQW UROH DOWKRXJK DOO WKH K\GUDXOLF DFWLRQ LV
FRQGLWLRQHGE\WKHIORZLQJWKURXJKWKHIUDFWXUHV
$K\GURJHRORJLFDOFRQFHSWXDOPRGHOIRUWKLVUHJLRQLVVKRZHGLQ)LJVKRZLQJWKDWWKHLQILOWUDWHGZDWHUWHQGVWR
HPHUJHLQSODFHVQRWYHU\GLVWDQWQHYHUWKHOHVVQRWLFHWKDWSDUWRIWKHJURXQGZDWHUIORZFDQHYROYHWRJUHDWGHSWKDORQJ
WKHODUJHIDXOWVUHFKDUJLQJGHHSDTXLIHUV
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)LJ3LSHUWULOLQHDUGLDJUDPRIZDWHUFKHPLVWU\LQ&DVWHOR1RYR
0XOWLYDULDWHDQDO\VLV
2QHRIWKHIXQGDPHQWDOSUREOHPVDVVRFLDWHGZLWKDQ\HQYLURQPHQWDOGLDJQRVLVLVOLQNHGWRWKHJUHDWDPRXQWRI
GDWDRQHKDVWRGHDOZLWK7KHODUJHGLPHQVLRQRIWKHWDEOHVHLWKHUEHFDXVHRIWKHQXPEHURIVDPSOHVRUYDULDEOHV
PDNHVLPSUDFWLFDEOHDQ\µPDQXDO¶UHVHDUFKRIUHODWLRQVEHLQJQHFHVVDU\WKHDVVHWWRPDWKHPDWLFDOWHFKQLTXHVRIGDWD
SURFHVVLQJWKDWFDQV\QWKHVL]HZLWKDPLQLPXPRIGDWDORVVWKHPRVWUHOHYDQWLQIRUPDWLRQ6XFKWHFKQLTXHVEHORQJ
WRWKHIDPLO\RIWKH)DFWRULDO0HWKRGVRI'DWD$QDO\VLVZKHUHWKHDQDO\VLVLQSULQFLSDOHOHPHQWVLVLQFOXGHG
7KHREMHFWLYHRIWKHIDFWRULDODQDO\VLVLVWRVWXG\WKHFKHPLVPRIWKHDTXLIHUDQGH[SODLQWKHGLYHUVLILFDWLRQRIGDWD
WKURXJK D VPDOO QXPEHU RI IDFWRUV >@ 7KH SUDFWLFDO DSSOLFDWLRQ RI WKH PHWKRGV RI IDFWRULDO DQDO\VLV WR
K\GURJHRFKHPLFDOVWXGLHVRIDTXLIHUVKDVDQXQGHQLDEOHVXFFHVV>@,QRUGHUWRFODULI\WKHUHODWLRQV
EHWZHHQ WKHYDULDEOHV LQ WKHVDPSOHVRIJURXQGZDWHU LWZDVFKDUDFWHUL]HGHDFKSDWWHUQFUHDWHGIURPWKHELQRPLDO
VDPSOHVYHUVXVYDULDEOHV[EHLQJWKHQXPEHURIVDPSOHVDQGWKHQXPEHURIYDULDEOHV7KHWDEOHVDQG
SUHVHQWUHVSHFWLYHO\WKHFRRUGLQDWHVRIWKHYDULDEOHVLQWKHIDFWRULDOD[HVWKHUHDOYDOXHDQGWKHSHUFHQWDJHRIWKH
YDULDQFHH[SODLQHGIRUHDFKRQHRIWKHIDFWRULDOD[HVUHVXOWLQJRIWKH$QDO\VLVLQ3ULQFLSDO(OHPHQWVRIWKHVDPSOHV
RIJURXQGZDWHU
7DEOH&RRUGLQDWHVRIWKHYDULDEOHVLQWKHIDFWRULDOD[HV
9DULDEOHV )DFWRU )DFWRU )DFWRU )DFWRU

6L2    
&O    
+&2    
62    
12    
1D    
.    
0J    
&D    
&U    
&X    
5E    
6U    
3E    
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7DEOH5HVXOWVRIWKH$QDO\VLVLQ3ULQFLSDO(OHPHQWV
)DFWRU 9DORU3UySULR 9DULDQFH 7RWDOYDULDQFH
   
   
   
   

,QDILUVWDQDO\VLVRQHFDQQRWLFHWKDWWKHILUVWIDFWRUVH[SODLQRIWKHWRWDOYDULDQFH7KHDSSOLFDWLRQRIWKLV
PHWKRGDOVRDOORZHGWKHUHGXFWLRQRIWKHµGLPHQVLRQDOLW\¶RIWKHSUREOHPRULJLQDOYDULDEOHVRQO\WRµSRWHQWLDO¶
YDULDEOHV,Q)LJDDQGELVSUHVHQWHGWKHSURMHFWLRQRIWKHGLIIHUHQWYDULDEOHVLQWKHILUVWDQGVHFRQGIDFWRULDOSODQV
GHILQHGUHVSHFWLYHO\E\WKHIDFWRUVDQGDQGE\WKHIDFWRUVDQG7KLVYLVXDOL]DWLRQRIWKHSURMHFWLRQVRIWKH
YDULDEOHVLQWKHSODQDOORZVGLVWLQJXLVKLQJWKHFORVHQHVVDQGFRQIOLFWVH[LVWLQJZLWKLQWKHP7KHILUVWIDFWRULDOSODQ
FRQVWLWXWHGE\WKHIDFWRUVDQGLQFOXGHRIWKHLQIRUPDWLRQFRQWDLQHGLQWKHSDWWHUQRIFRUUHODWLRQ


)LJD3URMHFWLRQRIWKHYDULDEOHVLQWKHVWIDFWRULDOSODQE3URMHFWLRQRIWKHYDULDEOHVLQWKHQGIDFWRULDOSODQ
 
)DFWRUH[SODLQVRIWKHWRWDOYDULDQFHDQGLQFOXGHVWKHYDULDEOHV6L2+&21D&D5E6U&O62
H0J
7KHDVVRFLDWLRQ6L2+&21D&D5E6ULVWLJKWO\FRUUHODWHGZLWKIDFWRU7KLVDVVRFLDWLRQFKDUDFWHUL]HV
WKH FKHPLFDO FRPSRVLWLRQRI WKHZDWHUZKRVH RULJLQPD\ EH IRXQG LQ WKH JHRORJ\ RI WKH UHJLRQ QDPHO\ LQ WKH
LQWHUDFWLRQZDWHUURFN7KLVDVVRFLDWLRQGHPRQVWUDWHVWKHSURFHVVRIGHFRPSRVLWLRQRIWKHURFN7KHVLOLFDWHPLQHUDOV
SUHVHQWLQWKHJUDQLWHDUHWKHPDLQVRXUFHRIVLOLFDLQWKHJURXQGZDWHU7KHDOWHUDWLRQRIWKHJUDQLWHLVWKHPDLQVRXUFH
RIWKHSUHVHQFHRIWKHLRQ+&27KHLQILOWUDWLRQRIWKHVXSHUILFLDOZDWHUVFRQWDLQLQJ&2DWWDFNVDJJUHVVLYHO\WKH
DOXPLQLXPVLOLFDWHPLQHUDOVVXFKDVWKHPLFDVDQGWKHIHOGVSDUSUHVHQWUHOHDVLQJFDWLRQVOLNHWKH&DHR0JWR
WKHZDWHUDQGFUHDWLQJFOD\PLQHUDOV7KHFRQVHTXHQFHVRIWKLVXQVXLWDEOHGLVVROXWLRQDUHYHULILHGLQDQLQFUHDVHRI
WKHS+DQGWKHFRQFHQWUDWLRQRI+&2LQWKHJURXQGZDWHU>@7KHSUHVHQFHRIVRGLXPDQGFDOFLXPLVGXHWRWKH
LQFRQVHTXHQWGLVVROXWLRQRIWKHSODJLRFODVHV>@7KHLRQV&OH0JSUHVHQWDPRGHUDWHFRUUHODWLRQZLWKIDFWRU
DQGWKHLRQ62LVFRUUHODWHGZLWKWKHIDFWRURIQHJDWLYHYDOXHWKXVUHIOHFWLQJWKHK\GURFKHPLFDOFODVVLILFDWLRQ
REWDLQHGE\WKH3LSHUGLDJUDP7KHIDFWRUVKRZVFOHDUO\WKHLQWHUDFWLRQZDWHUURFN
)DFWRUH[SODLQVRIWKHWRWDOYDULDQFHDQGLQFOXGHVWKHYDULDEOHV&U&XH3E
7KHDVVRFLDWLRQ&U&X3ELVWLJKWO\FRUUHODWHGZLWKWKHIDFWRU7KLVIDFWRUPD\VKRZWKHSURFHVVRISHUFRODWLRQ
RIWKHVRLO7KHKDUGPHWDOVLQWKHVRLOFDQEHSUHVHQWLQSULPDU\DQGVHFRQGDU\PLQHUDOVSUHFLSLWDWHDEVRUEHGLQWKH
VRLOVROXWLRQRULQPLFURRUJDQLVPVSODQWVDQGDQLPDOV
)DFWRUH[SODLQVRIWKHWRWDOYDULDQFHDQGLQFOXGHVWKHYDULDEOHV.H0J
7KHIDFWRUH[SODLQVWKHLRQ.LQRSSRVLWLRQWRWKHLRQ0J7KHSUHVHQFHRIWKH.FDQEHGXHWRWKHGLVVROXWLRQ
RIWKHPXVFRYLWHDQGWKHRUWKRFODVHSUHVHQWLQWKHJUDQLWH7KHHQRUPRXVUHVLVWDQFHRIWKH.WRWKHDOWHUDWLRQDQGLWV
VROLGLILFDWLRQLQWKHFOD\PLQHUDOVIRUPHGE\WKHSURFHVVHVRIDOWHUDWLRQ>@PD\H[SODLQWKLVIDFWRU
)DFWRUH[SODLQVRIWKHWRWDOYDULDQFHDQGLQFOXGHVWKHYDULDEOH12
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7KHLRQ12LVWLJKWO\FRUUHODWHGZLWKWKHIDFWRU7KLVIDFWRUFKDUDFWHUL]HVWKHSROOXWDQWFRPSRQHQWRIWKHZDWHU
&RQFOXVLRQ
$ERXW WKHZDWHUTXDOLW\ LQ WKHJUDQLWLFPDVVLIRI WKH*DUGXQKDPRXQWDLQQDPHO\ LQ WKHDUHDQRUWKHDVWDUHD LW LV
LPSRUWDQWWRUHIHUWRWKHIDFWWKDWWKURXJKWKHSK\VLFDODQGFKHPLFDODQDO\VHVPDGHLQVHOHFWHGVSULQJVDWILUVWVLJKW
YHU\UHSUHVHQWDWLYHDOOWKHZDWHUVDUHRIVRGLXPELFDUERQDWHW\SHEHLQJZDWHUVRIYHU\ORZPLQHUDOL]DWLRQZLWK7'6
YDOXHVHTXDORULQIHULRUWRPJO
7KHOLWKRORJLFDOQDWXUHRIWKH*DUGXQKDPRXQWDLQLQLWVJUDQLWLFVHFWRULVDJUHDWVXSSO\RIDOXPLQLXPVLOLFDWHVZLWK
DONDOLDQGDONDOLPXGG\FDWLRQVWKDWE\K\GURO\VLVDOORZVWKHUHOHDVHRIVLOLFDFDOFLXPVRGLXPDQGSRWDVVLXP7KHVH
DUHHDVLO\VROXEOHLQDPRGHUDWHDFLGHQYLURQPHQWJRLQJWRWKHVXUURXQGLQJZDWHU)URPWKHFKHPLFDODWWDFNWRWKH
PLQHUDOVRIWKHURFNVUHVXOWLQVROXEOHUHVLGXDIRUPHGE\VLOLFDDQGE\PLQHUDOVIURPWKHFOD\JURXS
7KHRUGHURIWKHDEXQGDQFHRIWKHPDMRUFDWLRQVDQGDQLRQVLVWKHIROORZLQJ1D!&D!.!0J+&2!&O±!62±
!12±7KHIDFWRULDODQDO\VLVDOORZHGVWXG\LQJWKHLQWHUFRUUHODWLRQEHWZHHQWKHDQDO\]HGYDULDEOHVDQGHVWDEOLVKLQJ
LWVGLVWULEXWLRQVWUXFWXUHIDFWRUVZHUHREWDLQHGDQGWKH\H[SODLQDQGLGHQWLI\WKHRULJLQRIWKHSUHVHQFHRILRQVLQ
WKHXQGHUJURXQGZDWHU7KHIDFWRUUHIOHFWVWKHVLJQDWXUHRIWKHLQWHUDFWLRQZDWHUURFN7KHIDFWRUPDWHULDOL]HVWKH
SHUFRODWLRQSURFHVVRIWKHKDUGPDWHULDOVRIWKHVRLO7KHIDFWRUUHSUHVHQWVWKHGLVVROXWLRQSURFHVVRIWKHPXVFRYLWH
DQGWKHRUWKRFODVHSUHVHQWLQWKHJUDQLWH7KHIDFWRUKDVDSROOXWDQWIHDWXUHPDWHULDOL]HGE\WKHLRQ12
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